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Description 

[0001] This invention relates to an interference cancellation apparatus, particularly to an interference cancellation 
apparatus for use in cancelling interfering waves and adaptively equalizing multi-path distortion, when subjected to 

5 broad-band interfering waves on fading diversity channels. 

[0002] In general, such an interference cancellation apparatus is for use in combination with a diversity receiving 
system which has a plurality of diversity routes. The apparatus is operable as a decision feedback equalizer (DFE) 
which is supplied with diversity reception signals corresponding to the diversity routes to produce an equalized signal. 
[0003] A conventional interference cancellation apparatus comprises first and second transversal filters each of which 

10 has a plurality of controllable taps and which filter the first and the second diversity reception signals into first and 
second transversal filtered signals in accordance with first and second controllable tap gains, respectively, first and 
second tap gain controllers for controlling the first and the second controllable tap gains with reference to an error 
signal and a distributed signal distributed in each one of the taps in accordance with a predetermined adaptive algorithm, 
third transversal filter which has a plurality of taps and which filters a decision signal into a third transversal filtered 

15 signal in accordance with third controllable tap gains, third tap gain controller for controlling the third controllable tap 
gains with reference to the error signal and a distributed signal distributed in each tap in accordance with the prede- 
termined adaptive algorithm, a decision unit for detecting a level of the equalized signal to decide a decision level for 
the equalized signal and to produce a decision signal representative of the decision level to supply the decision signal 
to the third transversal filter, an error producing unit for producing the error signal which is indicative of a difference 

20 between a subtracted signal and the decision signal and which is supplied to the first, the second, and the third tap 
gain controllers, a subtracter for subtracting the third transversal filtered signal from a combined signal to supply the 
subtracted signal to the decision unit and the error producing unit, and a diversity combination unit for combining the 
first and the second transversal filtered signals to produce the combined signal. 

[0004] Such a conventional interference cancellation apparatus Is disclosed in "MMSE Equalization of Interference 
25 on Fading Diversity Channels", Peter Monsen, IEEE Transactions on Communications, VOL. COM-32, No. 1 , January 
1984. 

[0005] However, it still remains as an unsolved problem that the conventional interference cancellation apparatus 
has defects with respect to an algorithm and a speed of the adaptive equalization. In fact, the conventional interference 
cancellation apparatus is subjected to disturbing or jamming waves sent from a flying object in addition to the interfer- 
30 ence from adjacent channels. 

[0006] In such a case, a changing speed of the interference waves becomes larger than that of the fading. As a 
result, it becomes difficult that removal of the interference and multipath distortion should be followed in accordance 
with Least Mean Squares (LMS) algorithm. 

[0007] It is pointed out by Kojiro Watanabe in a reference ICCC Session No. 46.2.1 "Adaptive Matched Filter and its 
35 Significance to Anti-Multipath Fading" that the conventional interference cancellation apparatus proposed by Peter 
Monsen cannot be operable at a high convergence speed. 

[0008] It is therefore an object of this invention to provide an interference cancellation apparatus which can be op- 
erable at a high convergence speed. 

[0009] Other objects of this invention will become clear as the description proceeds. 

40 [001 0] On describing the gist of the present invention, it should at first be understood that an interference cancellation 
apparatus is for use in combination with a diversity receiving system which has first and second diversity routes, the 
apparatus being supplied with first and second diversity reception signals corresponding to the first and the second 
diversity routes and being operable as a decision feedback equalizer to produce an equalized signal. 
[0011] The article "Interference Cancelling Characteristics of Diversity Reception with Least - Squares combining - 

45 MMSE characteristics and BER performance " by Hiroshi Suzuki, published in "Electronics and Communications in 
Japan", Part 1 : Communications, Vol. 75, No. 6, June 1992. New York, US. pages 107-117 discusses several charac- 
teristics of diversity reception with least - squares combining. Complex multiples and minimum mean square error 
algorithms are used in interference cancelling for diversity reception. 

[0012] Accordingly, the invention provides an interference cancellation apparatus for use In combination with a di- 

50 versity receiving system, said apparatus being supplied with first and second diversity reception signals and being 
operable as a decision feedback equalizer to produce an equalized signal, said apparatus comprising: 

first and second transversal filter means for filtering said first and said second diversity reception signals into first 
and second transversal filtered signals (Sf^ and Sf2) in accordance with first and second controllable tap gains. 
55 respectively; 

first and second control means for controlling said first and said second controllable tap gains with reference to a 
first error signal in accordance with a predetermined adaptive algorithm; 

third transversal filter means for filtering a decision signal into a third transversal filtered signal in accordance with 
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third controllable tap gains; 

third control means for controlling said third controllable tap gains with reference to said first error signal In ac- 
cordance with said predetermined adaptive algorithm; 

decision means for detecting a level of said equalized signal as a decision level to produce a decision signal 

5 representative of said decision level to supply said decision signal to said third transversal filter means; 

first subtracter means for producing said first error signal indicative of a difference between a subtracted signal 

and said decision signal, said first error signal being supplied to said first, said second, and said third control means; 

second subtracter means for subtracting said third transversal filtered signal from a combined signal to supply said 

subtracted signal to said decision means and said first subtracter means; and 
10 diversity combining means for combining said first and said second transversal filtered signals to produce said 

combined signal; 

said first and said second transversal filter means, first and second control means, third transversal filter means, 
third control means, decision means, first subtracter means, and second subtracter means being operable as a 
first control loop for controlling said first and said second controllable tap gains and said third controllable tap gains 
15 with reference to said first error signal; characterised in that: 

said diversity combining means is operable as a second control loop and comprises 
adder means for calculating a total sum of a first complex multiplied signal and a second complex multiplied 
signal to produce a total sum signal as said combined signal representative of said total sum; 
20 first and second complex multiplying means for complexly multiplying said first and said second transversal 

filtered signals by first and second correlated values a and p to produce said first and said second complex 
multiplied signals, respectively; 

first and second correlation means for correlating said first and said second transversal filtered signals with a 
second error signal in each of said first and said second diversity routes to produce first and second correlation 
25 signals indicative of said first and said second correlated values a and p, respectively; and 

third subtracter means for producing said second error signal indicative of a difference between said total sum 
signal and said decision signal, said second error signal being supplied to said first and said second correlation 
means, respectively. 

30 [0013] Preferred features are as set out in the subordinate claims. 

[0014] The invention will now be described by way of example with reference to the accompanying drawings, in 
which:- 

Fig. 1 is a block diagram of a conventional interference cancellation apparatus; 
35 Fig. 2 is a block diagram of an interference cancellation apparatus according to an embodiment of this invention; and 

Fig. 3 is a block diagram for use in describing an operation of the interference cancellation apparatus illustrated 
in Fig. 2. 

[001 5] Referring to Fig. 1 , description will first be made as regards a conventional interference cancellation apparatus 

40 for a better understanding of this invention. 

[0016] In Fig. 1, illustration is made about a conventional interference cancellation apparatus which is for use in 
combination with a diversity receiving system which has two diversity routes. Namely, the illustrated conventional in- 
terference cancellation apparatus is applied to dual diversity receiving systems. T^e apparatus is operable as a decision 
feedback equalizer (DFE) which is supplied with first and second diversity reception signals 1 and 2 corresponding to 

45 the diversity routes to produce an equalized signal. 

[001 7] As illustrated In Fig. 1 , the conventional interference cancellation apparatus comprises first and second trans- 
versal filters (will be called hereinunder first and second forward transversal filters) 301 and 302 each of which has a 
plurality of controllable taps and which filter the first and the second diversity reception signals 1 and 2 into first and 
second transversal filtered signals Sf 1 and Sf2 in accordance with first and second controllable tap gains, respectively, 

50 first and second tap gain controllers 303 and 304 for controlling the first and the second controllable tap gains with 
reference to an error signal El and a distributed signal distributed in each one of the taps in accordance with a prede- 
termined adaptive algorithm, such as minimum means square error (MMSE) algorithm, third transversal filter (herei- 
nunder called backward transversal filter) 305 which has a plurality of taps and which filters a decision signal into 
a third transversal filtered signal in accordance with third controllable tap gains, third tap gain controller 306 for 

55 controlling the third controllable tap gains with reference to the error signal e|_ and a distributed signal distributed in 
each tap In accordance with the predetermined adaptive algorithm, a decision unit 307 for detecting a level of the 
equalized signal to decide a decision level for the equalized signal and to produce the decision signal representative 
of the decision level to supply the decision signal S^, to the backward transversal filter 305, an error producing unit, 
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such as a subtracter (hereinunder called a first subtracter) 309 for producing the error signal El which is indicative of 
a difference between a subtracted signal and the decision signal Sjj and which is supplied to the first, the second, 
and the third tap gain controllers 303, 304, and 306, a subtracter (hereinunder called a second subtracter) 310 for 
subtracting the third transversal filtered signal from a combined signal Sp to supply the subtracted signal to the 
5 decision unit 307 and the first subtracter 309, and a diversity combination unit, such as an adder (hereinunder called 
an adder) 308 for combining the first and the second transversal filtered signals Sf^ and Sfg to produce the combined 
signal Sp. 

[001 8] The first and the second fonward transversal filters 301 and 302 are connected to respective analog to digital 
(A/D) converters, demodulators, and the like corresponding to respective diversity routes, although they are not shown 
10 in Fig. 1 . 

[0019] Description will hereinunder proceed to an operation of the interference cancellation apparatus illustrated in 
Fig. 1. 

[0020] Like a general decision feedback equalizer, in the interference cancellation apparatus, a pre-cursor distortion 
Is removed by the first or the second forward transversal filter 301 or 302 while a backward cursor distortion is removed 

15 by the backward transversal filter 305. Namely, the first diversity reception signal 1 is deprived of its pre-cursor distortion 
by the first fonward transversal filter 301 to produce the first transversal filtered signal Sf^ while the second diversity 
reception signal 2 is deprived of its pre-cursor distortion by the second fonward transversal filter 302 to produce the 
second transversal filtered signal Sf2. The first and the second transversal filtered signals Sf^ and Sf2 are combined 
by the adder 308 to produce the combined signal Sp. 

20 [0021] The decision signal S^ is supplied to the backward transversal filter 305. In the backward transversal filter 
305, a backward cursor distortion remaining in the diversity combined signal Sp is assumed by the backward transversal 
filter 305. The diversity combined signal Sp is deprived of the assumed post-cursor distortion by the second subtracter 
310 to produce a diversity combined and subtracted signal Sr. Thus, an adaptive equalization means an operation for 
removing multi-path intersymbol interference against variable impulse responses. On the other hand, each tap gain is 

25 controlled by the first and the second tap gain controllers 303 and 304 and by the third tap gain controller 306 in 
accordance with a predetermined algorithm by the use of the error signal and distributed signals distributed in each 
tap of the first and the second forward transversal filters 301 and 302, and the backward transversal filter 305. 
[0022] The error signal El is indicative of a difference between an input and an output of the decision unit 307. 
[0023] In the interim, such a conventional interference cancellation apparatus Is Included in a diversity receiver which 

30 is for use in a fast digital transmission (10M bps) on such multi-path fading channels as represented by tropospheric 
scatter propagation. Under such circumstances, a changing speed of the fading Is very small when compared with the 
above-referred transmission speed. In the conventional interference cancellation apparatus used In such circumstanc- 
es, control of the tap gain Is generally carried out in accordance with Least Mean Squares (LMS) algorithm. With this 
LMS algorithm, provided that a tap gain at a certain sampling time n Is C", a tap gain at a sampling time n+1 is adjusted 

35 by the equation (1): 

C"^'=C".^ieV, (1) 

where \x represents an adjusting factor, and e" represents the first error signal at the sampling time n while u" represents 
the distributed signal distributed in each tap. 

[0024] In the conventional interference cancellation apparatus as Illustrated In Fig. 1, Interference cancellation Is 
effectively carried out, when broad-band interfering waves are present independent from desired signal waves on multi- 
path fading environments, as described in the above-mentioned reference. This is based on that such a diversity system 
is operable as a kind of power inversion adaptive array and so that diversity signals are combined to countervail the 
interfering waves each other between the diversity routes. In this case, since the diversity system is operable not as 
a signal reinforcing system originally expected thereto but as an Interference cancellation system, explicit diversity 
effect cannot be achieved. On the other hand, since signal components delayed and dispersed through multipath 
dispersion are converged with maximum ratio combination at time domain by the first and the second forward trans- 
^ versal filters 301 and 302, implicit diversity effect can be reserved. By controlling the first and the second fonward 
transversal filters 301 and 302, and the backward transversal filter 305 in accordance with minimum means square 
error (MMSE) algorithm for minimizing an average of square of the above-mentioned error signals, the power inversion 
interference cancellation as well as the matching filter adaptive equalization can be comprehensively carried out in the 
signal processing. 

^ [0025] However, as mentioned in the preamble of the instant specification, it still remains as an unsolved problem 
that the conventional interference cancellation apparatus has defects with respect to an algorithm and a speed of the 
adaptive equalization. In fact, the conventional interference cancellation apparatus is subjected to disturbing or jamming 
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waves sent from a flying object in addition to the interference from adjacent channels. In such a case, a changing 
speed of the Interference waves becomes larger than that of the fading. As a result, it becomes difficult that removal 
of the interference and multipath distortion should be followed in accordance with the above-mentioned LhAS algorithm. 
[0026] It is pointed out by Kojiro Watanabe in a reference ICCC Session No. 46.2.1 "Adaptive Matched Filter and its 
5 Significance to Anti-Multipath Fading" that the conventional interference cancellation apparatus proposed by Peter 
Monsen is not operable at a high convergence speed. The reason is that the LMS algorithm with a use of the first error 
signal is applied to all the taps of the first and the second fon^^ard transversal filters 301 and 302, and the backward 
transversal filter 305 and so that the correlated matrix becomes large in size. 

[0027] Furthermore, each eigenvalue in the correlated matrix becomes far uneven when the interfering waves are 
10 supplied to the conventional interference cancellation apparatus in addition that the convergence speed of the con- 
ventional adaptive interference cancellation apparatus is small. In this case, it becomes more serious that the adaptive 
convergence speed is small. 

[0028] In order to solve this problem, Peter Monsen refers to In the above-mentioned reference an application of 
Kalman algorithm as one of the adaptive algorithms. However, it causes another problem of too much time of computing 
15 to apply the Kalman algorithm, since it requires complicated processing. Accordingly, It is at present difficult for the 
Kalman algorithm to be applied to fast transmission system. 

[0029] Referring to Figs. 2 and 3, description will proceed to an interference cancellation apparatus according to a 
preferred embodiment of this invention. 

[0030] The illustrated interference cancellation apparatus comprises similar parts which are operable with lil<ewise 
20 named signals. 

[0031] In Figs. 2 and 3, illustration is made about the interference cancellation apparatus which is for use in combi- 
nation with a diversity receiving system which has two diversity routes. Namely, the illustrated interference cancellation 
apparatus is applied to dual diversity receiving system, as Is similar to the conventional one illustrated in Fig. 1 . Like 
the conventional one, the apparatus is operable as a decision feedback equalizer (DFE) which is supplied with first 

25 and second diversity reception signals 1 and 2 corresponding to the diversity routes to produce an equalized signal. 
[0032] As illustrated in Fig. 2, the interference cancellation apparatus comprises first and second forward transversal 
filters 101 and 102 which have a plurality of first and second taps, the first and the second fonward transversal filters 
1 01 and 1 02 filtering the first and the second diversity reception signals 1 and 2 into first and second transversal filtered 
signals Sf^ and Sfg in accordance with first and second controllable tap gains, respectively; first and second tap gain 

30 controllers 1 03 and 1 04 for controlling the first and the second controllable tap gains with reference to a first error signal 
and a distributed signal distributed in each one of the first and the second taps in accordance with a predetermined 
adaptive algorithm, such as minimum mean square error (MMSE) algorithm; a backward transversal filter 105 which 
has a plurality of third taps and which filters a decision signal S^ into a third transversal filtered signal in accordance 
with third controllable tap gains; third tap gain controller 1 06 for controlling the third controllable tap gains with reference 

35 to the first error signal 1 and a third distributed signal distributed in each of the third taps in accordance with the 
predetermined adaptive algorithm; a decision unit 1 07 for detecting a level of the equalized signal to decide a decision 
level for the equalized signal and to produce a decision signal S^j representative of the decision level to supply the 
decision signal to the backward transversal filter 105; a first error producing unit, such as a subtractor (herelnunder 
called a first subtractor) 109 for producing the first error signal indicative of a difference between the subtracted 

40 signal S^ and the decision signal S^, the first error signal being supplied to the first, the second, and the third tap 
gain controllers 103, 104, and 106; a second subtractor 110 for subtracting the third transversal filtered signal from 
the combined signal Sp to supply the subtracted signal S^ to the decision unit 107 and the first subtractor 109; and a 
diversity combining section 1 58 for combining the first and the second transversal filtered signals Sf, and Sfg to produce 
a combined signal Sp. 

45 [0033] The diversity combining section 158 comprises an adder 108 for calculating a total sum of a first complex 
multiplied signal Sc^ and a second complex multiplied signal Scg to produce a total sum signal Sp representative of 
the total sum; first and second complex multipliers 112 and 113 for complexly multiplying the first and the second 
transversal filtered signals Sf ^ and Sf2 by the first and the second correlated values a and p to produce first and second 
complex multiplied signals Sc, and Scg. respectively; first and second correlators 114 and 115 for correlating the first 

50 and the second transversal filtered signals Sf^ and Sf2 with a second error signal eg in each of the first and the second 
diversity routes to produce first and second correlation signals indicative of the first and the second correlated values 
a and p, respectively; and a second error producing unit, such as a subtractor (hereinunder called a third subtractor) 
1 1 1 for producing the second error signal ^2 indicative of a difference between the total sum signal Sp and the decision 
signal S^,, the second error signal 63 being supplied to the first and the second correlators 114 and 115, respectively. 

55 [0034] In this preferred embodiment, the above-mentioned equalized signal is a multilevel signal having a plurality 
of levels greater than two. The decision unit 1 07 detects which one of the levels the multilevel signal has as a decision 
level to produce a decision signal representative of the decision level. 

[0035] The first and the second fonvard transversal filters 1 01 and 1 02 are connected to respective analog to digital 
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(A/D) converters, demodulators, and the like corresponding to respective diversity routes, although they are not shown 
in Fig. 2. 

[0036] Description will herelnunder proceed to an operation of the interference cancellation apparatus illustrated in 
Fig. 2. 

5 [0037] Supplied with the first and the second diversity reception signals 1 and 2, the first and the second fonward 
transversal filters 101 and 102 produces the first and the second transversal filtered signals Sj^ and which are 
deprived of each pre-cursor distortion thereby, respectively. The first and the second transversal filtered signals Sf^ 
and Sf2 are diversity combined by the diversity combining section 1 58 to produce a diversity combined signal Sp. The 
backward transversal filter 105 produces a third transversal filtered signal Su which Is deprived of Its post-cursor dis- 

10 tortion thereby in response to a decision signal from the decision unit 107. From the diversity combined signal Sp, 
the third transversal filtered signal S^ is subtracted by the second subtracter 110 to produce the subtracted signal Sp 
In response to the subtracted signal Sp the decision unit 107 produces the decision signal and supplies the decision 
signal S^ to the backward transversal filter 105 as an input signal. The first subtracter 109 calculates a difference 
between input and output signals of the decision unit 107. namely, the difference between the subtracted signal S^ and 

15 the decision signal S^, to produce the first error signal £i . In response to the first error signal ' the first and the second 
tap gain controllers 1 03 and 104 adjust each tap factor of the first and the second transversal filtered signals S^^ and 
S|2. The third tap gain controller 106 adjusts a tap factor of the third transversal filtered signal Sj, in response to the 
first error signal e^. Supplied with the first and the second transversal filtered signals Sf^ and Sf2 through each diversity 
route, the first and the second complex multipliers 112 and 113 carry out each complex multiply to produce first and 

20 second complex multiplied signals Sc^ and Sc2. The third subtracters 1 1 1 calculates a difference between the diversity 
combined signal Sp and the decision signal S^j to produce the second error signal £2- The first and the second correlators 
114 and 115 correlate the second error signal ^ and the first and the second transversal filtered signals Sfi and Sf2 
through each diversity route to produce first and second correlation signals indicative of the first and the second cor- 
related values a and p. The first and the second correlation signals are supplied to the first and the second complex 

25 multipliers 112 and 113 through each diversity route. The first and the second complex multipliers 112 and 113 carry 
out each complex multiply between the first and the second correlated values a and p and the first and the second 
transversal filtered signals Sf^ and S^ to produce the first and the second complex multiplied signals Sc^ and Sc2- 
[0038] Referring to Fig. 3, description will proceed to an operation of the interference cancellation apparatus illus- 
trated In Fig. 2. 

30 [0039] In Fig. 3, illustrated are desired signal wave source 201 having a sampling value Sp, an interference wave 
source 202 having a sampling value J^, an impulse response h^ in the transmission system responsive to the first 
diversity reception signal 1 at the sampling value S^, an impulse response h^ in the transmission system responsive 
to the second diversity reception signal 2 at the sampling value S^. an impulse response g^ in the transmission system 
responsive to the first diversity reception signal 1 at the sampling value J^, an impulse response g^ in the transmission 

35 system responsive to the second diversity reception signal 2 at the sampling value J^, threefold shift registers 21 1 and 
212 each of which has T/2 Interval (T: symbolic cycle), first and second multiplier groups 213 and 214 each of which 
consists of three multipliers, a twofold shift register 21 5 which has T interval, a third multiplier group 216 which consists 
of two multipliers, first and second adders 217 and 218, a decision unit 107, first, second, and third subtracters 109, 
1 1 0, and 111. Besides, first, second, and third tap gain controllers 1 03, 1 04, and 1 06 are present, like in Fig. 2, although 

40 they are not shown in Fig. 3. 

[0040] Herein, it is assumed that tap factor vectors produced by the first and the second tap gain controllers 1 03 and 
1 04 are depicted by C and W, respectively. 

[0041] The first diversity reception signal 1 is defined as a first input signal r^ in Fig. 2. The r^ is multiplied with the 
tap factor vector C by the convolution processing on the first fonvard transversal filter 101 . As a result, the first trans- 

45 versal filtered signal Sf^ comes to be representative of r^*C. The first transversal filtered signal S^^ is then multiplied 
with the tap factor a en the first complex multiplier 112. Consequently, the first complex multiplied signal Sc^ comes 
to be representative of r/aC. On the ether hand, the second diversity reception signal 2 is defined as a second input 
signal r2 in Fig. 2. The r2 is multiplied with the tap factor vector W by the convolution processing on the second forward 
transversal filter 102. As a result, the second transversal filtered signal Sfg comes to be representative of r2*W'. The 

50 second transversal filtered signal Sj2 is then multiplied with the tap factor p on the second complex multiplier 113 
Consequently, the second complex multiplied signal Sc2 comes to be representative of r2*pw'. This means that the 
first and the second complex multipliers 112 and 113 can be omitted, provided that the tap factor vectors C and W 
are multiplied with the tap factors a and p, respectively. 

[0042] With this block diagram illustrated in Fig. 3, the following equations (2) and (3) are concluded. 

55 

= [Co Ci C2] A aC = a[Co' c^ ' Cg'] (2) 
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W' = [Wo Wi Wg] APW = P[Wq' Wi' Wa'] 



(3) 



where C" and W^" should be new tap factor vectors C and W produced by the first and the second tap gain controllers 
5 103 and 104. Accordingly, the first and the second complex multipliers 11 2 and 113 as well as the first and the second 
correlators 114 and 115 are omitted in Fig. 3. 

[0043] In Fig. 3, it is assumed that the desired wave signals 201 (SJ and 202(Jn) are broad-band modulated signals 
independent from each other, and that mutual correlation between symbols which are spaced from each other by more 
than one symbol is null. It is also assumed that Rayleigh fadings which are independent from each other are added to 
10 the impulse responses h\ h^, gi, and g^ 

[0044] In the interim, according to the above-mentioned conventional interference cancellation apparatus, i.e., Mon- 
sen's system, all tap factors of the DFE illustrated in Fig. 3 are controlled so that the means square error of the first 
error signal may be minimized. In such a case, a normal (wiener hopf) equalizations in which each tap factor is an 
unknown quantity are represented by the following equations (4), (5), (6), (7), and (8). 
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25 where T represents transposition while * represents complex conjugate, and where I represents a unit matrix of 2 x 2. 
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^ where h^ „ represents a sampling value of the impulse response h^ (1 = 1 , 2) at the time n. 
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[0045] In the above-depicted equation (4), C. W, D represent tap factor vectors of the first and the second fonrt^ard 
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transversal filters 101 and 102, and the backward transversal filter 105, respectively. Each of C, W, D is represented 
by the following equation (9). On the other hand, h^ and h^ represent sampling value vectors of impulse responses h^ 
and h2, respectively. Each of h^ and h2 is represented by the following equation (10). 

= [Co c, Cg] W*" = [Wo Wi wg] = [di dg] (9) 

h^ = [h'*o h'*2]. = (10) 

[0046] In the above-depicted equation (4), the left-side of the normal equation is a correlated matrix of the Monsen's 
DFE. The correlated matrix of the Monsen's DFE Is 8 x 8 in size, when applied to the system illustrated In Fig. 3. When 
the tap gain control Is carried out in accordance with a maximum dividing method or the LMS algorithm, a performance 
function ^ at the time n based on mean square value of the first error signal is represented by the following equation (11 ). 



where ^^nin represents a critical minimum value of the performance function, Aq represents an error vector between an 
initial value and an ideal solution concerning all the taps, qj represents an intrinsic vector concerning the tap of I turn, 
X■^ represents an eigenvalue in the correlated matrix of 8 x 8, and \i represents a tap adjusting factor in the LMS algorithm. 
As clearly understood from the equation (10), the correlated matrix becomes larger in size, as the degrees of the 
diversity routes or numbers of the filter taps are increased. Consequently, the convergence time until mean square 
error Is minimized becomes longer. Particularly, the convergence time is deteriorated, when the eigenvalue becomes 
uneven. 

[0047] On the contrary, according to the preferred embodiment of the present invention, there is introduced the 
second error signal 2 produced by the third subtractor 111 , as illustrated in Fig. 2. Consequently, there Is introduced a 
secondary MMSE correlated loop which comprises the first and the second correlators 114 and 115, and the first and 
the second complex multipliers 1 1 2 and 1 1 3 in addition to the primary MMSE correlated loop. In other words, tap factors 
a and p multiplied by the first and the second complex multipliers 112 and 113 are sequentially renewed so that mean 
square value of the second error signal eg may be minimized. The secondary MMSE correlated loop is equal to an 
LMS correlated loop which is often used in an adaptive array. The secondary MMSE correlated loop is similar in op- 
eration to a nulling in an antenna pattern against undesired interfering and disturbing waves. Namely, in the secondary 
MMSE correlated loop, the tap factors a and (i are controlled so that interfering waves in diversity routes may be 
cancelled each other at a reciprocal condition. In particular, the LMS array provides a fast convergence characteristic 
under such severe circumstances that desired to undesired signals ratio (D/U) comes to be negative. Further, in the 
presence of interfering and disturbing waves as well as multipath distortion, the secondary MMSE correlated loop 
responses more sensitively to the interfering and disturbing waves than to the multipath distortion. The reason is that 
the first and the second complex multipliers 112 and 113 are not transversal filters and so that operations of the first 
and the second complex multipliers 112 and 113 are restricted to a control of amplitudes and phases of the diversity 
input signals. In other words, the first and the second complex multipliers 112 and 113 are not capable of such a 
transversal filtering adaptive equalization. The first and the second complex multipliers 112 and 113 are absorbed in 
an anti-phase combination of the interfering and disturbing waves. 

[0048] Therefore, in the primary MMSE correlated loop with the first error signal , there is carried out an adjustment 
of the tap factors of the first and the second fonward transversal filters 1 01 and 1 02, and the backward transversal filter 
105 so that multipath distortion due to variable elements h^ and g2 in the propagation paths may be removed. On the 
other hand, in the secondary MMSE correlated loop with the second error signal eg, there is carried out an anti-phase 
cancellation of received interfering waves which is due to variable elements h^ and gi in the propagation paths. Thus, 
the first MMSE control system is for use in the adaptive equalization while the second MMSE control system is for use 
in the interference cancellation. By assigning each part to the first and the second MMSE control systems, respectively, 
the adaptive equalization and the interference cancellation can be parallely processed at the same time. Consequently, 
both the adaptive equalization and the interference cancellation can be carried out at a high speed in the Interference 
cancellation apparatus of the present invention, as compared with the conventional one. 

[0049] Such an operation of the Interference cancellation apparatus of the present invention will be described more 
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in detail. 

[0050] Generally, when a system has a plurality of control loops, a conflicting problem between the control loops is 
sometimes caused to happen. In order to solve this problem, the difference of response speed (time constant) should 
be made between the control loops. For example, the Interference cancellation apparatus may be subjected to an 

5 environment in which the above-mentioned interfering waves are more fastly variable than the multipath waves. When 
the interference cancellation apparatus is subjected to such an environment, the response speed of the second MMSE 
control system should be predetermined to be larger than that of the first MMSE control system. Namely, the adjusting 
factor of the second MMSE control system should be made larger than that of the first MMSE control system, with 
respect to algorithms, such as the aforesaid LMS algorithm, for adjusting the tap factors. Thereby, it becomes possible 

10 that cancellation of the interfering waves is set up faster than the adaptive equalization and that the control of the 
adaptive equalization is converged after the cancellation of the interfering waves is finished. In this event, it becomes 
sufficient that the above-mentioned tap factors C and W are converged in a solution for the removal of the multipath 
distortion. In other words, it becomes possible that the correlated factors g'p g^^'n-k *o interfering waves are 
deleted from the above-depicted correlated matrixes in the equations (5) and (6). This means that the electric power 

15 of the interfering waves can be deleted from the electric power in the correlated matrix Rj^ and so that an eigenvalue 
corresponding to the electric power in the correlated matrix R|jn becomes small. 

[0051] A component indicating such electric power In a correlated matrix is generally called a "trace". The "trace" Is 
defined by the equation (12). 

20 

N 

tr[R3 = r: \ (12) 

25 

[0052] As clearly understood from the above equation (12), reception power is reduced, as the eigenvalue becomes 
small. 

[0053] On the other hand, an MMSE control system with an LMS algorithm must comply with the following inequality 
(13) so as to be converged. 

30 

0 < H < (2/tr[R]) (13) 

[0054] In a case that a value of the above-mentioned adjusting factors exceeds the right part, (2/tr[R]), in the above 

35 inequality (13), the MMSE control is not converged but diverged. The reason is physically explained as follows. 

[0055] When the eigenvalue In the correlated matrix Ri^, becomes large due to large electric power of the interfering 
waves, a value of the right part, (2/tr[R]) in the inequality (13) becomes small. Under such circumstances, a value of 
the adjusting factor \i must be kept small so that the MMSE control system may comply with the inequality (13) to be 
converged. However, the adaptive equalization becomes slow, when the adjusting factor \i is kept small. As a result. 

^ a convergence performance of the MMSE control system is deteriorated. 

[0056] Since the interfering waves are cancelled by the second MMSE control loop in the preferred embodiment of 
the present invention, it is possible that the eigenvalue is decreased by the quantity of the electric power of the interfering 
waves. Consequently, it is possible that the value of the right part, (2/trIR]) in the inequality (13) becomes large. It is 
therefore not necessary that the adjusting factor \i in the first MMSE control system is made too small. Accordingly, 

45 the convergence performance of the first MMSE control system is not so deteriorated. 

[0057] As explained above, the adaptive equalization and the interference cancellation are processed in parallel by 
the first and the second MMSE control systems, so that the control of the adaptive equalization and the interference 
cancellation can be converged at a high speed. As a result, an excellent performance of both the adaptive equalization 
and the interference cancellation is achieved with respect not only to interf erring waves which are variable faster than 

50 those of multipath fading but also to interfering waves by which the aforesaid D/U ratio becomes negative. 

[0058] While this invention has thus far been described in conjunction with a preferred embodiment thereof, it will 
readily be possible for those skilled in the art to put this invention into practice in various other manners. For example, 
the equalized signal may be a binary signal specified by a binary level. In this case, the decision unit 107 detects 
whether or not the binary level of the equalized signal exceeds a predetermined threshold level to decide a detected 

55 binary level for the equalized signal and to produce a decision signal representative of the judged binary level. 



9 



EP 0 631 399 B1 



Claims 

1. An interference cancellation apparatus for use in combination with a diversity receiving system, said apparatus 
being supplied with first and second diversity reception signals (1 and 2) and being operable as a decision feedback 

5 equalizer to produce an equalized signal, said apparatus comprising: 

first and second transversal filter means (1 01 and 1 02) for filtering said first and said second diversity reception 
signals (1 and 2) into first and second transversal filtered signals (Sf^ and Sf2) in accordance with first and 
second controllable tap gains, respectively; 
'^o first and second control means (1 03 and 1 04) for controlling said first and said second controllable tap gains 

with reference to a first error signal (e^) in accordance with a predetermined adaptive algorithm; 
third transversal filter means (1 05) for filtering a decision signal (S^) into a third transversal filtered signal (S5) 
in accordance with third controllable tap gains; 

third control means (106) for controlling said third controllable tap gains with reference to said first error signal 
^5 (Gi) in accordance with said predetermined adaptive algorithm; 

decision means (1 07) for detecting a level of said equalized signal as a decision level to produce a decision 
signal (S^) representative of said decision level and to supply said decision signal (S^) to said third transversal 
filter means (105); 

first subtracter means (109) for producing said first error signal (e^) indicative of a difference between a sub- 
2^ tracted signal (S^) and said decision signal (S^), said first error signal (G^) being supplied to said first, said 

second, and said third control means (103, 104 and 106); 

diversity combining means (1 58) for combining said first and said second transversal filtered signals (Sf^) and 
(Sf2) to produce a combined signal (Sp) and; 

second subtracter means (110) for subtracting said third transversal filtered signal (S^,) from said combined 
^5 signal (Sp) to supply said subtracted signal (S^) to said decision means (1 07) and said first subtracter means 

(109); 

said first and said second transversal filter means (101 and 102), first and second control means (103 and 
104), third transversal filter means (105), third control means (106), decision means (107). first subtracter 
means (1 09), and second subtracter means (11 0) being operable as a first control loop for controlling said first 
30 and said second controllable tap gains and said third controllable tap gains with reference to said first error 

signal (e^); characterised in that: 

said diversity combining means (158) is operable as a second control loop and comprises 
adder means (1 08) for calculating a total sum of a first complex multiplied signal (Sc^) and a second complex 
multiplied signal (SC2) to produce a total sum signal as said combined signal (Sp) representative of said total 
35 sum; 

first and second complex multiplying means (112 and 1 1 3) for complexly multiplying said first and said second 
transversal filtered signals (Sf^ and Sf2) by first and second correlated values a and p to produce said first 
and said second complex multiplied signals (Sc^ and SC2). respectively; 

first and second correlation means (1 1 4 and 1 1 5) for correlating said first and said second transversal filtered 

40 signals (Sf^ and Sf2) with a second error signal (E2) in each of first and second diversity routes to produce 

first and second correlation signals indicative of said first and said second correlated values a and p, respec- 
tively; and 

third subtracter means (111) for producing sard second error signal (E2) indicative of a difference between 
said total sum signal (Sp) and said decision signal (S^), said second error signal (^2) being supplied to said 
45 first and said second correlation means (114 and 115), respectively. 

2. An interference cancellation apparatus as claimed in Claim 1 , characterised in that said predetermined adaptive 
algorithm is a minimum mean square error algorithm, said second control loop being operated In accordance with 
an additional predetermined adaptive algorithm of the minimum mean square error algorithm. 

50 

3. Apparatus as claimed in any preceding claim, characterised in that said diversity receiving system has first and 
second diversity routes, said first and second diversity reception signals (1 ) and (2) corresponding to said first and 
said second diversity routes, 

55 said first and second transversal filter means (101 and 102) having a plurality of first and second taps, 

said first and second control means (103 and 104) controlling said first and said second controllable tap gains 
with reference to said first error signal (E^) and further with reference to a distributed signal distributed In each 
one of said first and said second taps in accordance with a predetermined adaptive algorithm; 
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said third transversal filter means (105) having a plurality of third taps, and 

said third control means (106) controlling said third controllable tap gains with reference to said first error 
signal (e^) and further with reference to a third distributed signal distributed in each of said third taps in ac- 
cordance with said predetermined adaptive algorithm. 

5 

4. An interference cancellation apparatus as claimed in any preceding claim, characterised in that said equalized 
signal is a binary signal specified by a binary level, said decision means detecting whether or not the binary level 
of said equalized signal exceeds a predetermined threshold level to decide a detected binary level for said equalized 
signal and to produce a decision signal representative of said detected binary level. 

10 

5. An interference cancellation apparatus as claimed in any of claims 1 to 3, characterised in that said equalized 
signal is a multilevel signal having a plurality of levels greater than two, said decision means detecting one of said 
levels of said multilevel signal as a decision level to produce a decision signal representative of said decision level. 

15 

Patentanspriiche 

1 . Interferenzunterdriickungsvorrlchtung zur Venwendung In Kombination mit einem Diverslty-Empfangssystem, wo- 
bei die Vorrichtung mit ersten und zweiten DIversity-Empfangssignalen (1 und 2)versorgt ist und als ein Entschel- 
20 dungsruckkopplungsentzerrer betreibbar ist zum Erzeugen eines entzerrten Signals, wobei die Vorrichtung auf- 

weist: 

- erste und zweite Transversalfiltermittel (1 01 und 1 02) zum Filtern der ersten und zweiten Diversity-Em pfangs- 
signale (1 und 2) zu ersten und zweiten transversal gefilterten Signalen (Sf^ und Sfs) in Ubereinstimmung mit 

25 ersten bzw. zweiten steuerbaren Anzapfungsgewinnen; 

erste und zweite Steuermittel (103 und 104) zum Steuern der ersten und zweiten steuerbaren Anzapfungs- 
gewinne unter Berucksichtlgung eines ersten Fehlersignals (e^) in Ubereinstimmung mit einem vorbestimmten 
adaptiven Algorithmus; 

30 

dritte Transversalfiltermittel (105) zum Filtern eines Entscheidungssignals (S^j) zu einem dritten transversal 
gefilterten Signal (S5) in Ubereinstimmung mit dritten steuerbaren Anzapfungsgewinnen; 

dritte Steuermittel (1 06) zum Steuern der dritten steuerbaren Anzapf ungsgewinne unter Berucksichtlgung des 
^5 ersten Fehlersignals (e^) in Ubereinstimmung mit dem vorbestimmten adaptiven Algorithmus; 

Entscheidungsmittel (1 07) zum Ermittein eines Werts des entzerrten Signals als ein Entscheidungswert zum 
Erzeugen eines Entscheidungssignals (S^), welches den Entscheidungswert reprasentlert. und zum Aniegen 
des Entscheidungssignals (S^) an die dritten Transversalfiltermittel (105); 

40 

erste Subtrahiermittel (1 09) zum Erzeugen des ersten Fehlersignals (e^), welches einen Unterschied zwischen 
einem subtrahierten Signal (S^) und dem Entscheldungssignal (S^) anzeigt, wobei das erste Fehlersignal (e^) 
an die ersten, zweiten und dritten Steuermittel (103, 104 und 105) angelegt ist; 

^5 - Diversity-Kombiniermittel (1 58) zum Kombinieren der ersten und zweiten transversal gefilterten Signale (Sf,) 

und (Sfg) zum Erzeugen eines kombinierten Signals (Sp); und 

- zweite Subtrahiermittel (110) zum Subtrahieren des dritten transversal gefilterten Signals (Sj,) von den kom- 
binierten Signal (Sp) zum Aniegen des subtrahierten Signals (S^) an die Entscheidungsmittel (107) und die 

so ersten Subtrahiermittel (1 09); 

wobei die ersten und zweiten Transversalmittel (101 und 102), ersten und zweiten Steuermittel (103 und 104), 
dritten Transversalfiltermittel (105), dritten Steuermittel (106), Entscheidungsmittel (107), erste Substrahiermittel 
(109) und zweite Subtrahiermittel (110) betreibbar sind als eine erste Regelschleife zum Steuern der ersten und 
55 zweiten steuerbaren Anzapfungsgewinne und den dritten steuerbaren Anzapfungsgewinne unter Berucksichti- 

gung des ersten Fehlersignals (e^); 

dadurch gekennzeichnet, daB die Diversity-Kombiniermittel (158) als eine zweite Regelschleife betreibbar sind 
und umfassen 
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Addlermittel (1 08) zum Berechnen einer Gesamtsumme eines ersten komplexen multiplizierten Signals {Sc^) 
und eInes zweiten komplexen multiplizierten Signals (SC2) zum Erzeugen eines Gesamtsummensignals als 
das kombinierte Signal (Sp). welches die Gesamtsumme reprasentiert; 

erste und zweite komplexe Multlpliziermittel (112 und 113) zum komplexen Multiplizieren der ersten und zwei- 
ten transversal gefilterten Signale (Sf^ und Sf2) mit ersten und zweiten korrelierten Werten a und p, um die 
ersten bzw. zweiten komplexen multiplizierten Signale (Sc^ bzw. SC2) zu erzeugen; 

erste und zweite Korreliationsmittel (114 und 115) zum Korrelieren der ersten und zweiten transversal gefil- 
terten Signale (Sf^ und Sfg) mit einem zweiten Fehlersignal (eg) in jedem der beiden, dem ersten und zweiten 
Diversltypfad zum Erzeugen von ersten und zweiten Korrelationssignalen, welche die ersten und zweiten 
korrelierten Werte a bzw. p darstetlen; und 

dritte Subtrahiermittel (111) zum Erzeugen des zweiten Fehlersignals (Eg) welches eine Differenz zwischen 
dem Gesamtsummensignal (Sp) und dem Entscheidungssignal (S^j) anzeigt, wobei das zweite Fehlersignal 
(£2) an die ersten bzw. zweiten Korrelationsmittel (114 und 115) angelegt ist. 

2. Interferenzunterdruckungsvorrichtung nach Anspruch 1 , dad urch gekennzeichnet, daf) der vorbestimmte adap- 
tive Algorithmus ein minimum-mean-square-Fehler-Algorithmus ist. und die zweite Regelschleife betrieben ist in 
Ubereinstimmung mit einem zusatzlichen vorbestimmten adaptiven Algorithmus des minimum-mean-square-Feh- 
ler-Algorithmus. 

3. Vorrichtung nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daf) das Diversity-Empfangs- 
system erste und zweite Diversitypfade aufweist, wobei erste und zweite Diversity-Empfangssignale (1) und (2) 
den ersten und zweiten Diversitypfaden entsprechen, und wobei erste und zweiten Transversalfiltermittel (101 und 
102) mit einer Mehrzahl von ersten und zweiten Anzapfungen versehen sind, 

die ersten und zweiten Steuermittel (103 und 104) die ersten und zweiten steuerbaren Anzapfungsgewinne 
unter Beruckslchtigung des ersten Fehlersignals (e^) und ferner unter Berucksichtigung eines verteilten Si- 
gnals steuern, daB in jede der beiden, der ersten und zweiten, Anzapfungen in Ubereinstimmung mit einem 
vorbestimmten adaptiven Algorithmus verteilt ist; 

dritte Transversalfiltermittel (105) mit einer Mehrzahl von dritten Anzapfungen versehen sind und 

die dritten Steuermittel (106) die dritte steuerbare Anzapfungsgewinne unter Berucksichtigung des ersten 
Fehlersignals (e^) und ferner unter Berucksichtigung eines dritten verteilten Signals steuern, welches in jeder 
der dritten Anzapfungen in Ubereinstimmung mit den vorbestimmten adaptiven Algorithmus verteilt ist. 

4. Interferenzunterdruckungsvorrichtung nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, 

da5 das entzerrte Signal ein binares Signal ist, welches mittels eines binaren Werts spezifiziert ist, wobei die 
Entscheidungsmittel ermittein, ob oder ob nicht der binare Wert des entzerrten Signals einen vorbestimmten Stel- 
lenwert uberschreitet, um uber einen erkannten Binarwert fur das entzerrte Signal zu entscheiden und um ein 
Entscheidungssignal zu erzeugen, das fur den ermittelten Binann/ert reprasentativ ist. 

5. Interferenzunterdruckungsvorrichtung nach einem der Anspruche 1 -3, dadurch gekennzeichnet, daB das ent- 
zerrte Signal ein Multilevelsignal mit einer Mehrzahl von Werten groBer als zwei ist, wobei die Entscheidungsmittel 
einen der Werte des Multilevelsignals als einen Entscheidungswert ermittein, um ein Entscheidungssignal zu er- 
zeugen, welches fur den Entscheidungswert reprasentativ ist. 



Revendications 

1 . Appareil d'annulation d'interference destine a etre utilise en association avec un systeme de reception en diversite, 
(edit appareil recevant des premier et second signaux de reception en diversite (1 et 2) et pouvant etre mis en 
fonctionnement en tant qu'^galiseur r^cursif pour produire un signal egalis6, ledit appareil comprenant : 

des premier et second moyens de filtrage transversal (1 01 et 1 02) pour filtrer lesdits premier et second signaux 
de reception en diversite (1 et 2) en des premier et second signaux f litres par filtrage transversal (Sf^ et Sfg). 
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en fonction de premiers et seconds gains de sortie reglables respectivement ; 

des premier et second moyens de commande (103 et 104) pour commander lesdits premier et second gains 
de sortie reglables en reference a un premier signal d'erreur (el) en conformlte avec un premier algorithme 
adaptatif predetermine ; 

un troisieme moyen de filtrage transversal (105) pour filtrer un signal de decision {S^) en un troisleme signal 
flltre par filtrage transversal (S^) en conformite avec des troisiemes gains de sortie reglables ; 
un troisieme moyen de commande (106) pour commander lesdits troisieme gains de sortie reglables en refe- 
rence audit premier signal d'erreur (e^) en conformite avec ledit algorithme adaptatif predetermine ; 
un moyen de decision (107) pour detecter un niveau dudit signal egalis6 en tant que niveau de decision afin 
de produire un signal de decision (S^) representatif dudit niveau de decision et de fournir ledit signal de decision 
(Sjj) audit troisieme moyen de filtrage transversal (105) ; 

un premier moyen soustracteur (1 09) pour produire ledit premier signal d'erreur (e^) representatif d'une diffe- 
rence entre un signal soustrait (S^) et ledit signal de decision (S^), ledit premier signal d'erreur (e^) etant fourni 
auxdits premier, second et troisieme moyens de commande (103, 104 et 106) ; 

un moyen de combinaison de diversite (158) pour combiner lesdits premier et second signaux flltres par filtrage 
transversal (Sf^) et (Sfg) afin de produire un signal combine (Sp) ; et 

un second moyen soustracteur (110) pour soustraire ledit troisieme signal f litre par filtrage transversal (S^) 
dudit signal combine (Sp) afin de fournir ledit signal soustrait (S^) audit moyen de decision (1 07) et audit premier 
moyen soustracteur (109) ; 

lesdits premier et second moyens de filtrage transversal (101 et 102), lesdits premier et second moyens de 
commande (1 03 et 1 04). ledit premier moyen de filtrage transversal (1 05), ledit troisieme moyen de commande 
(1 06), ledit moyen de decision (1 07), ledit premier moyen soustracteur (1 09), et ledit second moyen soustrac- 
teur (110) pouvant etre mis en fonctionnement en tant que premiere boucle de commande destlnee a com- 
mander lesdits premier et second gains de sortie reglables et lesdits troisieme gains de sortie reglables en 
reference audit premier signal d'erreur (e^) ; caracterise en ce que : 

ledit moyen de combinaison de diversite (158) peut etre mis en fonctionnement en tant que seconde 
boucle de commande et comprend : 

un moyen additlonneur (108) pour calculer une somme totale d'un premier signal soumis a multipli- 
cation complexe (Sc^) et d'un second signal soumis a multiplication complexe (Scg) afin de produire 
un signal de somme totale en tant que ledit signal combine (Sp) representatif de ladite somme totale ; 
des premier et second moyens de multiplication complexe (112 et 113) pour soumettre a une multi- 
plication complexe lesdits premier et second signaux filtres par filtrage transversal (Sf^ et Sf2) par 
des premiere et seconde valeurs correiees a et p afin de produire respectivement lesdits premier et 
second signaux soumis a multiplication complexe (Sc^ et SC2) ; 

des premier et second moyens de correlation (114 et 115) pour correier lesdits premier et second 
signaux filtres par filtrage transversal (Sf^ et Sf2) avec un signal d'erreur (£3) sur chacune d'une pre- 
miere et d'une seconde voies de diversite afin de produire des premier et second signaux de corre- 
lation respectivement representatifs desdites premiere et seconde valeurs correiees a et p ; et 
un troisieme moyen soustracteur (111) pour produire ledit second signal d'erreur (eg) representatif 
d'une difference entre ledit signal de somme totale (Sp) et ledit signal de decision (Sjj), ledit second 
signal d'erreur (eg) etant fourni auxdits premier et second moyens de correlation (1 1 4 et 1 1 5), respec- 
tivement. 

Appareil d'annulation d'interference selon la revendicatlon 1 , caracterise en ce que ledit algorithme adaptatif 
predetermine est un algorithme a erreur quadratique moyenne minimale, ladite seconde boucle de commande 
etant mise en fonctionnement en conformite avec un algorithme adaptatif predetermine suppiementaire de I'algo- 
rithme a erreur quadratique moyenne minimale. 

Appareil selon I'une quelconque des revendications precedentes, caracterise en ce que ledit systeme de recep- 
tion en diversite possede des premiere et seconde voies de diversite, lesdits premier et second signaux de recep- 
tion en diversite (1) et (2) correspondant auxdites premiere et seconde voies de diversite, 

lesdits premier et second moyens de filtrage transversal (101 et 102) ayant une pluralite de premieres et 
secondes sorties, 

lesdits premier et second moyens de commande (103 et 104) commandant lesdits premier et second gains 
de sorties reglables en reference audit premier signal d'erreur (e^ ) et de plus, en reference a un signal distrlbue, 
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qui est distribue sur chacune desdites premiere et seconde sorties en conformite avec un algorithme adaptatif 
predetermine ; 

ledit troisleme moyen de filtrage transversal (105) ayant une pluralite de troislemes sorties, et 
ledit troisieme moyen de commande (106) commandant lesdits troislemes gains de sortie reglables en refe- 
rence audit premier signal d'erreur (e^ ) et en outre, en reference a un troisleme signal distribue qui est distribue 
sur chacune desdites troislemes sorties en conformite avec ledit algorithme adaptatif predetermine. 

Appareil d'annulatlon d'interference selon I'une quelconque des revendicatlons precedentes, caracterise en ce 
que (edit signal 6ga(lse est un signal binaire speclfle par un niveau binaire, ledit moyen de decision detectant si 
oui ou non le niveau binaire dudit signal egalise depasse un niveau de seuil predetermine pour decider d'un niveau 
binaire detecte pour ledit signal egalise et pour produire un signal de decision representatif dudit niveau binaire 
detects. 

Appareil d'annulatlon d'interference selon Tune quelconque des revendicatlons 1 a 3, caracterise en ce que ledit 
signal egalise est un signal a niveaux multiples ayant une pluralite superieure a deux de niveaux. ledit moyen de 
decision detectant I'un desdits niveaux dudit signal a niveaux multiples en tant que niveau de decision pour produire 
un signal de decision representatif dudit niveau de decision. 
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